ulcer bed to facilitate healing. After RFA, the patient was seen for sonographic follow-up at intervals of three days, three weeks, and three months. All clinically significant IPVs that received RFA have remained closed, and the patient's ulcer has demonstrated remarkable healing ( Figure 2 ).
Discussion
Multiple perforators are present within the lower extremities, which may be defined as either direct or indirect. Direct perforator veins course through the deep fascia and connect the superficial veins to the deep venous system. These are fairly constant in their anatomical location and distribution. Indirect perforator veins also pierce the deep fascia but connect to muscular veins or sinuses. 1, 2 Competent perforator veins contain subfascial valves that facilitate the movement of deoxygenated blood from the superficial system to the veins of the deep system and do not allow bidirectional or reversed flow patterns. However, persistently elevated venous pressure associated with chronic venous insufficiency (CVI) of the superficial system can damage the valve leaflets. The result is perforator vein incompetence due to deterioration of valve function. 3 Most of the clinically significant IPVs are located within the medial, distal calf, also known as the "gaiter zone." 4 Perforators also can be defined as either "exit" or "reentry" perforators. Exit perforators are incompetent and associated with varicosities, skin changes, and venous stasis ulcers. It has been estimated that as many as 66% of limbs that present with skin changes are associated with IPVs. Reentry perforators are typically dilated perforator veins located distal to large varicosities and are proven to be competent upon Doppler assessment. Reentry perforators are not associated with skin changes. 2, 5 In the past, perforators were associated with names of authors (the most common being Hunterian, Dodd, Boyd, Sherman, and Cockett). This naming practice has since been replaced with the anatomical description that pertains to their location. The femoral canal perforators (formerly Hunterian or Dodd perforators) are found along the medial thigh and course from the great saphenous vein (GSV) or its tributaries to the femoral vein. Paratibial perforators (formerly Boyd and Sherman perforators) are identified as a connection between the GSV and the posterior tibial veins (PTVs) within the proximal and mid-portions of the medial calf. Posterior tibial perforators (formerly Cockett perforators) have been commonly described as the most clinically significant group and are located near the ankle communicating the posterior arch vein to the PTVs. The location and connections of perforator veins are quite variable. It is not uncommon to identify perforators within the lateral thigh; lateral posterior thigh, anterior lower leg; posterior lateral calf; and so on. The importance lies with the examiner's ability to identify any clinically significant IPVs as they are seen coursing through the deep fascia, as well as their deep and superficial connections. Clinical significance is most commonly defined as perforator diameter of 3.0 mm, communication with skin changes or varices, and presence of bidirectional flow or reflux lasting > _350 ms. 1, 2, 10 
Linton Procedure and Subfascial Endoscopic Perforator Surgery
In the 1930s, Linton first recognized the benefit to interrupting flow from IPVs as a successful means to decrease the incidence of ulceration.
However, the open Linton procedure resulted in prolonged hospital stays and high postoperative complication rates. In 1985, subfascial endoscopic perforator surgery (SEPS) allowed a less invasive, endoscopic approach to ligating IPVs. However, despite its current use, limitations persist, including the inability to access all perforators and significant long-term recurrences of IPVs and ulcerations.
5,6

Compression Hose Therapy
Because of some of the aforementioned complications and poor long-term results, patients suffering from venous stasis ulcers have been confined to nonoperative approaches. These methods include limb elevation, wound management, and the application of graded compression hose therapy. Although good results have been reported with compliant patients, prolonged disability and high ulcer recurrence rates remain of continued concern. 6 Radiofrequency Stylet Device Radiofrequency technology offers a noninvasive treatment option for patients suffering from venous insufficiency of the superficial system and has long since replaced stripping of the GSV in most clinical settings. However, some patients who have received treatment of the superficial system remain symptomatic and continue to demonstrate persistent perforator vein incompetence, which may require additional intervention. 3, 7 A modified catheter designed specifically for the purpose of treating IPVs has since been developed to replace SEPS and compression therapy. Food and Drug Administration (FDA) clearance of the Radiofrequency Stylet (RFS) device was achieved in January 2004. This 6F, bipolar, 12-cm-long rigid catheter contains a removable stylet that can be used for direct access into the IPV under sonographic guidance ( Figure 3 ). Many authors have published data supporting both the prevalence of IPVs in patients with advanced stages of CVI in the superficial system and the benefit of interrupting their flow. 2, 3, 6 With this technologic advancement, a noninvasive treatment option now can be performed in an office setting on an outpatient basis. Long-term results post-RFA of IPVs vary from 79% to 93%, 5, 8 suggesting that technique, experience, adherence to protocol, and patient compliance with postoperative instructions are essential to the success of this procedure.
Duplex Evaluation and Mapping of IPVs
It is imperative that the examiner performing a duplex sonogram have a thorough understanding of venous hemodynamics, anatomical variations, and the pathological conditions for which they are evaluating. Accurate reporting and interpretation can only be achieved through both comprehensive and practical hands-on experience. 9 A complete venous insufficiency examination should be preceded by a visual inspection of the symptomatic extremity. Skin changes, ulcerations, or other clinical findings help direct the duplex examination toward obtaining information that best explains the patient's symptoms and facilitates the development of a management plan by the treating physician. The extent of GSV insufficiency as measured by associated skin changes has been found to correlate with an increased incidence of both the frequency and diameter of IPVs. 2 The evaluation of IPVs should be performed on a duplex sonographic unit, with a high-frequency linear array transducer . The calf assessment should be performed with the patient either standing with weight on the opposing limb, in steep reverse Trendelenburg, or seated with the leg dependant. These positions increase hydrostatic pressure and will assist in the identification of IPVs. In a transverse plane at the level of the knee, the sonographer should identify the deep fascia and bring the focus of the sonographic beam to that location on the image. The examiner should then begin the first of multiple sweeps, working proximal to distal toward the medial malleolus ( Figure 4) . A perforator vein can be seen as it breaks the muscular fascia and courses from either a superficial vein or tributary to the deep venous system ( Figure 5 ). Special attention should be paid to areas of skin changes, venous ulcerations, or unexplained varices. Once this first scan plane has been completed, move the transducer one transducer's head width posterior and repeat the scan from proximal to distal, continuing this pattern circumferentially until the entire lower limb has been evaluated.
Identification of perforators within the medial thigh is generally noted during the evaluation of the GSV and deep veins ( Figure 6 ). It is not uncommon to find lateral or posterior thigh perforators as the source of lateral varices. Again, attention to the visual pattern of disease should guide the sonographic evaluation. 1, 2, 9 Once a perforator vein has been identified, obtain an "open" image of the perforator as it is seen crossing the deep fascia. Color Doppler should then be used, in combination with either distal augmentation and release or proximal compression maneuvers to establish the presence of bidirectional flow (Figure 7) . Pulsed-wave Doppler can also be used to demonstrate a quantitative measure of reflux ( Figure 8) . A reversed flow component of > _350 ms demonstrates perforator vein incompetence. 2 Optimize color and pulsed Doppler settings to ensure that low-amplitude, low-volume flows can be identified, ie, a low flow setting, low wall filter, and velocity scale of 5-10 cm/sec.
If a perforator demonstrates outward flow, a diameter measurement should be obtained from wall to wall at the level of the deep fascia (Figure 9 ). A relationship between diameter and reflux has been established in multiple studies. The literature reports IPVs as having a diameter typically between 3.0 and 3.9 mm. However, reflux has been found in perforator veins with a diameter smaller than this standard as well. 2, 10 It is important to note which deep vein the perforator communicates with ( Figure 5 ) as this knowledge will assist with the sonographic assessment post-RFA. Once reflux has been established within a perforator vein, the vein should be marked to facilitate reassessment at a later date. To do this, obtain a B-mode image of the perforator where it is seen crossing the muscular fascia. Make a mark in the center of the transducer, and choose a reference point such as the heel or medial malleolus to provide the first axis by which to relocate the perforator. The anterior border of the tibia can be used to create the second reference point. The sonographer should then use a tape measure to record these two coordinates and document them on either the sonographic image or a venous mapping worksheet. Detailed, diagrammatical recording should include all vessels that prove to play a role in the pattern of reflux.
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Radiofrequency Ablation of IPVs
RFA of IPVs should begin with a preoperative mapping to locate all of the clinically significant perforator veins. The patient should be placed into steep reverse Trendelenburg to assist with adequate venous filling, and a mark with an indelible pen should be made over each perforator prior to sterile preparation and draping of the limb. Access into the IPV is obtained under sonographic guidance. Tapping around the edges of the transducer can be performed with a needle cap or sterile marking pen cap to establish the best point of entry prior to breaking the skin's surface. IPVs are typically tortuous and variable in shape; therefore, a slightly oblique orientation may be necessary to obtain the most "open" image of the perforator as it is seen breaking the deep fascia. Bringing the image of the IPV to either the far right or left of the screen will limit the distance the needle must travel before piercing the vessel wall. This technique can decrease possibilities of vasospasm. Access can be obtained with one of three methods: (1) direct access with the RFS device, (2) over-the-wire technique, and (3) cannulation via a 12-guage Angiocath.
Confirmation of intravascular access is obtained through sonographic visualization of the RFS device within the lumen of the IPV (Figure 10 ), blood flash back into the hub of the catheter, and radiofrequency generator impedance readings of under 400 ohms. Proper catheter tip placement is defined as 0.50 cm from the deep system, 0.50 cm from the skin surface, and below the level of the deep fascia ( Figure 11 ). These distances are established as necessary measures to prevent deep vein thrombosis (DVT) and skin burns, respectively. Tumescent anesthesia is then injected around the catheter tip in volumes of 20 to 40 cc. Use of tumescent anesthesia provides patient comfort, protects surrounding tissue and nerves from heat damage, and assists in achieving vein wall contact with the catheter electrodes.
Optimal treatment readings should be between 150 and 300 ohms during delivery of radiofrequency energy, which is a positive indicator of good vein wall contact. A one-minute focal treatment should be administered at the 12, 3, 6, and 9 o'clock positions ( Figure 12 ). If anatomy allows, a pullback of 0.50 to 1.0 cm should be performed and the four-quadrant treatment readministered. Due to proximity to the skin's surface or tortuosity of the IPV, only one focal four-quadrant treatment may be possible. Once the RFS device has been removed from the perforator vein, focal compression should be applied for at least one minute prior to treatment of subsequent vessels. Postoperative sonographic assessment may be difficult due to the presence of tumescent anesthesia, but an attempt should be made to identify flow in the adjacent deep system. It is preferable to also establish the absence of flow within the treated perforator vein. The patient should be placed in a compression wrap or 30-to 40-mm Hg compression hose for at least 72 hours. At 72 hours, a sonographic evaluation is performed to rule out DVT within the deep vessels that directly communicate with the treated IPV. Typical postoperative appearance will be 
Conclusion
When a thorough insufficiency study is administered by a trained examiner, duplex ultrasound lends information that can provide life-altering treatment options for many current and future wound care patients. Understanding the process of venous stasis, the way by which IPVs contribute to the disease, and by familiarizing ourselves with proper sonographic identification of all contributing vessels, we can play a key role in assisting the physicians in the development of a proper treatment plan for this highly prevalent patient population. IPV evaluation should be part of a comprehensive venous insufficiency duplex examination. 
